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Numerical simulation of free molecular flow by correcting the movement time of
molecules in a single-stage turbomolecular pump using the TPMC method

M. Sadeghian
M. Mahdi

Mechanical Engineering Faculty, Shahid Rajaee Teacher Traning University, Tehran, Iran
Mechanical Engineering Faculty, Shahid Rajaee Teacher Traning University, Tehran, Iran

Abstract

In this research, after reviewing studies conducted on simulating molecular behavior in turbomolecular pumps and experimental
work, the free molecular flow in a single-stage turbomolecular pump was simulated. The collision time of molecules was modified
by incorporating the blade tip collision time into the equations related to blade time and periodic boundaries. This simulation was
performed using the test-particle Monte Carlo method in a cylindrical coordinate system, considering the real and three-dimensional
geometry of the blade, including the clearance between the blade tip and the casing, the gap between the rotor and stator, and the
blade thickness. The present work was then validated against experimental results. Finally, it can be concluded that increasing the
number of stages in a turbomolecular pump enhances the performance of gases with higher molecular mass while emphasizing the
influence of the stator over the rotor.

Keywords: Turbomolecular Pump, Numerical Simulation, Test-Particle Monte Carlo Method, Free molecular flow, Time of

Molecule Movement, Compression Ratio.
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